This research is intended to empirically examine the efficiency and productivity change of 26 regional development banks (BPDs) in Indonesia in 2011-2016 using a non-parametric approach of data envelopment analysis (DEA). This research was started by determining input and output variables based on three approaches, i.e., intermediation, operation, and the asset approach. The Multi-stage DEA was adopted to generate the efficiency score, and the inputorientated variable return to scale (VRS) assumption is specified in data analysis. The Malmquist Productivity Index (MPI) was used to measure the total factor productivity change indicating the improvement or deterioration of performance of BPDs over time. The multi-stage DEA result shows a significant difference in the number of efficient BPDs using the three approaches. MPI shows that the highest productivity increase was in the asset approach of 84.0%, supported by the increase in efficiency change and technological change. While in intermediation and operation approach, the increase was only 44.0% and 36.0%, depending on the increase in efficiency change and scale efficiency change. This research suggests that BPDs need to invest more in technology to increase firm efficiency.
INTRODUCTION
The Indonesian Regional Development Banks (IRDBs) play a strategic role in regional economic development. The ownership structure of the IRDBs is concentrated on the regional or local government in Indonesia. The IRDBs have a size and business scale, which may reduce poverty, increase access to the financing, and develop the real sector in the rural areas. According to the Indonesian Banking Statistics (2016) , IRDBs were in the fifth position in terms of asset, third-party fund, and the credit providedafter Bank Rakyat Indonesia, Bank Mandiri, Bank Central Asia, and Bank Negara Indonesia. IRDBs are believed to be comparable with the large banks, and they can take part in the national development by developing the rural areas of Indonesia. The failure in IRDBs will have a systemic impact on the regional economy. The improvement in primary financial indicators does not mean that the competitiveness of IRDBs also improves. Several studies show that the market share of IRDBs declined in each area. It shows that the competitiveness of IRDBs is assumed to be low, so there is a chance to examine the efficiency and productivity of IRDBs to gain the empirical evidence and the steps needed to improve them. Low competitiveness is often associated with limited capital and weak corporate governance. The test of the efficiency of IRDBs using asset, operational, and intermediation approach was not commonly conducted in Indonesia (Wijatmoko, 2011) . The previous research mainly focused on the financial ratios and financial conditions of IRDBs covering risk aspects, Good Corporate Governance (GCG), capital, and rentability. Bauer et al. (1998) stated that in measuring the company's performance, including banks, the efficiency analysis is much better than the financial ratio analysis such as using 
LITERATURE REVIEW
The measurement of bank efficiency is practically measured by the ability of the bank to generate operational income by using operating expenses.
This ratio is often called as Operating Expense Ratio or OER. The lower the OER is, the efficient a bank becomes, conversely. This idea is in line with Farrell (1957) , stating that firm efficiency relates to how it can generate a maximum output using the input used.
Efficiency is not always about minimizing the cost, but it can also mean the management of the inputoutput relationship. Farrell (1957) proposed that firm efficiency consists of two components, namely technical efficiency, and allocative efficiency.
Technical efficiency reflects the ability of a company to gain maximum results by using particular input.
While allocative efficiency reflects the ability of a company to use input in an optimum proportion by considering each input's price. These two measurements are used to measure total economic efficiency.
Farrell (1957) further illustrated his idea by using a simple example, as shown in figure 1. Figure   1 shows that a company uses two inputs (x1 and x2)
to generate a single output ( an example, the Q point is technically efficient because it is located on efficient isoquant.
Figure 1. Technical and Allocative Efficiency
Source: Farrell (1957) If the ratio of input's price represented by the AA' line in figure 1 is known, the allocative efficiency can also be calculated. Allocative efficiency of a firm operating on P is defined as ratio AEI = 0R / 0Q because the distance of RQ shows the reduction of production expense, which will happen if the production is on Q' point (efficient in terms of allocation and technical aspect). While if on Q point is technically efficient but inefficient in terms of allocation. The total economic efficiency (EE) is defined as the ratio of EEI = 0R/0, where the distance of RP can also mean the reduction of cost. The technical and allocative efficiency contribute to the total economic efficiency as follows:
TE1 x AEI = (0Q / 0P) x (0R / 0Q) = (0R / 0P) = EEI.
The general measurement to measure the efficiency of financial institutions, including banks, consists of a parametric and non-parametric approach. According to Berger and Humphrey (1997) , there are three methods that are commonly used in the parametric approach, namely, Stochastic DMU with score one is considered efficient, and each score less than one is considered inefficient.
According to Hadad et al. (2003) , the DEA approach outperforms other methods because it does not need many data, so the needed data are fewer. Also, the assumption and sample size needed is fewer.
However, the statistical conclusion cannot be drawn by using a non-parametric approach. The DEA approach is not included in random error, so the inefficiency score can only be used as a general inefficiency factor of DMU. Some researchers defined MPI as a process where the production boundary shifts and the DMU are required to involve in productivity change (Caves et al., 1982) . The important finding should cover two important aspects, namely, efficiency change and technological change. Therefore, TFP estimation must be obtained by explaining these two components.
Based on the DEA model, MPI is considered as the most popular index because it can handle much information related to the panel data and it has other useful features for researchers (Wahidudin, 2010) .
MPI appeared in the literature around 1980 as proposed by Nishimizu and Page (1982) Overall, the analysis showed that from the operation approach using the perspective of cost/revenue, the efficiency was stable and very high, or on average more than 90% per year. Nonetheless, from the intermediation approach, the efficiency was fair, and 
METHODS
The performance measurement using DEA starts by determining the input and output variable. According to Sealey and Lindley (1997) , the primary approach to measure input and output variables of a bank is production and intermediation approach. Berger and Humphrey (1997) stated that the production approach is better for evaluating the efficiency of the branch of a financial institution. Initially, Berger and Humphrey (1997) definition and input as well as output measurement of a bank. Afsharian et al. (2016) proposed a solution to handle the issue of each input/output factor determination regarding the factor selection by developing Generalized DEA (GDEA).
Nonetheless, that approach requires us to explicitly determine the linear cost assumption and utility function. Besides, GDEA implementation is more recommended for benchmarking practice, and it is less practical to be implemented in this study.
Therefore, this study uses three different approaches (as explained earlier) in the variable selection based on the list of input and output from the previous studies and the data availability. It is shown in Table   2 as follows. Coelli (1996) A high competition, financial barriers, and other factors may result in DMU to operate less optimally. Banker, Charnes, and Cooper (1998) suggested the extension of Variable Return to Scale, and this research uses this assumption because the condition of the banking industry in Indonesia is appropriate with that assumption. Besides, the VRS model is appropriate for a large sample size (Avkiran, 1999) . Ferdian and Purwantoro (2006) generally measured the efficiency with the following formula: If there is no significant change between the time interval, which can be illustrated by xt = xt + 1, and yt = yt + 1, then MPI equals to 1. Therefore, productivity change is stated in the following indexes, namely MPI = 1 means steady, MPI <1 means declining, and MPI> 1 means increasing.
Efficiency = Input
According to Coelli (1996) 1 A01 1,000 1,000 1,000 1,000 1,000 1,000 1,000 2 A02 1,000 1,000 1,000 1,000 1,000 1,000 1,000 3 A06 1,000 1,000 1,000 1,000 1,000 1,000 1,000 4 A08 1,000 1,000 1,000 1,000 1,000 1,000 1,000 5 A23 1,000 1,000 1,000 1,000 1,000 1,000 1,000 6 A20 1,000 1,000 1,000 1,000 1,000 1,000 1,000 7 A18 1,000 1,000 1,000 1,000 1,000 1,000 1,000 8 A04 0,984 1,000 1,000 0,961 1,000 1,000 0,991 9 A24 1,000 1,000 0,925 1,000 1,000 0,976 0,984 10 A16 0,901 0,994 1,000 1,000 1,000 1,000 0,983 11 A19 1,000 0,893 1,000 1,000 1,000 1,000 0,982 12 A17 1,000 1,000 1,000 0,903 1,000 0,965 0,978 13 A11 1,000 1,000 0,938 1,000 0,900 1,000 0,973 14 A03 0,713 1,000 1,000 1,000 A06 1,000 1,000 1,000 1,000 1,000 1,000 7 A07 0,652 0,791 0,795 1,000 1,000 1,000 8 A08 1,000 1,000 1,000 1,000 1,000 1,000 9 A09 1,000 1,000 0,887 0,977 0,842 0,885 10 A10 0,596 0,710 0,680 0,930 0,882 0,882 11 A11 1,000 1,000 0,938 1,000 0,900 1,000 12 A12 0,455 0,884 0,724 0,794 0,902 0,802 13 A13 1,000 0,490 0,655 0,874 1,000 1,000 14 A14 1,000 0,906 0,885 0,945 0,954 0,982 15 A15 0,822 0,801 0,772 1,000 1,000 1,000 16 A16 0,901 0,994 1,000 1,000 1,000 1,000 Average 0,875 0,875 0,849 0,951 0,960 0,965 0,912 17 A17 1,000 1,000 1,000 0,903 1,000 0,965 BUKU 1 18 A18 1,000 1,000 1,000 1,000 1,000 1,000 19 A19 1,000 0,893 1,000 1,000 1,000 1,000 20 A20 1,000 1,000 1,000 1,000 1,000 1,000 21 A21 0,554 0,633 1,000 0,904 0,964 0,905 22 A22 1,000 0,779 1,000 1,000 0,877 0,875 23 A23 1,000 1,000 1,000 1,000 1,000 1,000 24 A24 1,000 1,000 0,925 1,000 1,000 0,976 25 A25 0,534 0,857 1,000 1,000 1,000 1,000 Average 0,899 0,907 0,992 0,979 0,982 0,969 0,955 Source: processed data EFFICIENCY AND PRODUCTIVITY ANALYSIS OF INDONESIAN REGIONAL DEVELOPMENT BANKS: MULTI-STAGE DEA APPROACH AND MALMQUIST PRODUCTIVITY INDEX (Efa Yonnedi, Abdul Rahman Panjaitan)
RESULTS AND DISCUSSION

Descriptive Statistics
Efficiency IRDBs throughout Indonesia: Operational Approach
Based on table 6, it is known that the mean or average efficiency score using the operation variable approach of IRDBs throughout Indonesia is 0.824 for the year 2011 to 2016. The number of efficient IRDBs was 24.0% or 6 IRDBs, while the rest of 76.0% was considered insufficient. We found that 13 IRDBs had a score lower than the average. In other words, 52.0% of the inefficient IRDBs operated below the performance of the IRDBs on average. The lowest efficiency score in that six-year-period was 0.515. 1 A01 1,000 1,000 1,000 1,000 1,000 1,000 1,000 2 A02 1,000 1,000 1,000 1,000 1,000 1,000 1,000 3 A06 1,000 1,000 1,000 1,000 1,000 1,000 1,000 4 A08 1,000 1,000 1,000 1,000 1,000 1,000 1,000 5 A23 1,000 1,000 1,000 1,000 1,000 1,000 1,000 6 A20 1,000 1,000 1,000 1,000 1,000 1,000 1,000 7 A16 0,892 0,918 1,000 1,000 1,000 1,000 0,968 8 A03 0,697 1,000 1,000 1,000 1,000 1,000 0,950 9 A19 0,879 0,803 1,000 1,000 1,000 1,000 0,947 10 A17 1,000 1,000 0,928 0,724 0,925 0,930 0,918 11 A09 1,000 1,000 0,887 0,977 0,693 0,708 0,878 12 A24 1,000 1,000 0,804 0,801 0,735 0,701 0,840 13 A11 1,000 0,873 0,655 0,685 0,809 0,920 0,824 14 A04 0,781 0,884 0,681 0,775 0,776 1,000 0,816 15 A14 1,000 0,786 0,708 0,781 0,747 0,773 0,799 16 A22 0,647 0,572 1,000 0,870 0,781 0,875 0,791 17 A18 1,000 0,922 0,812 0,660 0,655 0,685 0,789 18 A25 0,495 0,531 1,000 0,777 0,759 0,797 0,727 19 A21 0,489 0,432 1,000 0,650 0,715 0,896 0,697 20 A15 0,803 0,481 0,471 0,590 0,904 0,806 0,676 21 A07 0,603 0,617 0,570 0,645 0,618 0,849 0,650 22 A05 0,960 0,792 0,407 0,550 0,505 0,632 0,641 23 A12 0,424 0,605 0,548 0,568 0,817 0,714 0,613 24 A10 0,547 0,543 0,501 0,524 0,557 0,665 0,556 25 A13 0,504 0,427 0,465 0,550 0,567 0,578 0,515 Lowest 0,424 0,427 0,407 0,524 0,505 0,578 0,515 Highest 1,000 1,000 1,000 1,000 1,000 1 A01 1,000 1,000 1,000 1,000 1,000 1,000 1,000 2 A02 1,000 1,000 1,000 1,000 1,000 1,000 1,000 3 A05 1,000 1,000 1,000 1,000 1,000 0,968 0,995 4 A08 1,000 1,000 1,000 1,000 0,909 1,000 0,985 5 A09 1,000 0,861 1,000 1,000 1,000 0,984 0,974 6 A19 1,000 0,781 1,000 1,000 1,000 1,000 0,964 7 A13 1,000 0,981 1,000 1,000 0,842 0,909 0,955 8 A16 0,904 0,830 1,000 0,948 1,000 1,000 0,947 9 A20 0,920 1,000 1,000 1,000 0,805 0,932 0,943 10 A03 0,799 0,801 0,962 1,000 1,000 1,000 0,927 11 A04 0,977 0,933 1,000 0,817 0,785 1,000 0,919 12 A17 1,000 0,929 0,789 0,711 0,941 1,000 0,895 13 A14 0,861 0,843 0,925 0,997 0,749 0,916 0,882 14 A07 0,708 0,728 0,961 0,845 0,888 0,857 0,831 15 A10 0,645 0,852 1,000 0,860 0,766 0,782 0,818 16 A22 0,790 0,650 0,880 0,736 1,000 0,710 0,794 17 A12 0,677 0,700 0,968 0,801 0,762 0,770 0,780 18 A23 0,707 0,716 0,734 0,805 0,805 0,811 0,763 19 A06 0,702 0,631 0,897 0,759 0,726 0,722 0,740 20 A25 0,583 0,575 0,796 0,859 0,734 0,820 0,728 21 A11 0,601 0,569 0,718 0,724 0,606 0,898 0,686 22 A21 0,633 0,574 0,687 0,653 0,580 0,679 0,634 23 A15 0,665 0,625 0,639 0,532 0,711 0,543 0 Therefore, this approach also supports the results of the two previous approaches where the IRDBs with the large core capital had the highest efficiency score averagely. 9% in 2011/2012, 9.1% in 2013/2014, and 0.6% in 2015/2016 . Besides, the total factor productivity change of IRDBs declined by 3.4%
during the observation period.
The fluctuation of total factor productivity, as shown in Figure 2 The fluctuation of total factor productivity change in Figure 3 shows that the increase only Table 14 shows that the average annual Malmquist in 2011-2016 increases in terms of technological change and it has been the primary factor for supporting the productivity increase of IRDBs in utilizing their assets. During the observation, the increase in technological change was 24.2%. The highest score was in 2014/2015, increasing by 35.8% after in the previous year (2013/2014) decreased by 5.4%. Besides, the increase in total factor productivity change using asset variable approach, as revealed in 
CONCLUSION
This research tests the efficiency and analyzes the productivity change of Indonesian Regional The analysis of Multi-stage DEA shows that;
28.0% of IRDBs were considered as the efficient frontier in the intermediation approach, 24.0% of IRDBs were considered efficient in operation approach, and only 8.0% of IRDBs were considered efficient in asset variable approach. These three approaches clarify that most of the IRDBs in Indonesia were not outstandingly efficient.
The analysis of Multi-stage DEA also shows that the IRDBs with the large core capital was consistently categorized as the BPDs with the highest average efficiency score (intermediation, operation, and asset approach). The results of this research support the idea that IRDBs should increase their capital for increasing firm efficiency.
The MPI analysis shows that the highest productivity increase was in the asset approach of 84.0%, supported by the increase in efficiency change and technological change. While in intermediation and operation approach, the increase was only 44.0% and 36.0%, depending on the increase in efficiency change and scale efficiency change.
MPI shows that the total factor productivity of the IRDBs with largest core capital consistently had the largest increase in the average score using the three approaches in this study. Thus, it is essential for the BPDs to have an effective capital strategy so they can improve themselves to be in BUKU 3 and BUKU 4.
